Objectives: Bystander-initiated cardiopulmonary resuscitation (CPR) has been reported to increase the possibility of survival in patients with out-of-hospital cardiopulmonary arrest (OHCA). We evaluated the effects of CPR instructions by emergency medical dispatchers on the frequency of bystander CPR and outcomes, and whether these effects differed between family and non-family bystanders.
Introduction
The validity of rapid initiation of cardiopulmonary resuscitation (CPR) in rescue of patients with out-of-hospital cardiopulmonary arrest (OHCA) has been widely reported. [1] [2] [3] [4] [5] Early basic life support (BLS) can be more effective than early advanced cardiac life support by physicians because the time intervals from emergency call to emergency medical services (EMS) arrival and from emergency call to arrival in hospital are becoming longer year by year in Japan. 6 Bystander-initiated CPR has been reported to increase the possibility of neurologically favorable survival in many communities. 3, 4, 6 Therefore, laypeople are expected to initiate CPR promptly before EMS arrival. Nevertheless, in 2010 more than half of OHCA patients in Japan did not receive bystander CPR.
BLS training in offices, schools, and other public institutions is an effective educational opportunity, leading to understanding of the "chain of survival" and promotion of CPR by citizens, which has resulted in increased rates of survival from OHCA in recent years. 7 Another scheme for promoting bystander CPR is the provision of instructions in resuscitation over the telephone by the emergency medical dispatcher (dispatcher-assisted CPR). 7 technician (ELT) is required to be one of the EMS team staff. ELTs are allowed to place a supraglottic airway and an intravenous line and to use semiautomated external defibrillators to rescue OHCA patients, and specially trained ELTs have been authorized to insert a tracheal tube since 2004 and to administer epinephrine since 2006. But not all EMS teams actually include an ELT under present conditions. The availability of physician-staffed ambulances is also limited; 3.6% of the cases were treated by physicians on board in the setting we have studied.
Upon receiving an emergency call, if the medical emergency dispatcher at the fire department recognizes the patient as being in cardiopulmonary arrest, he or she gives resuscitation instructions to the caller according to the local triage protocol. Some citizens have been trained in resuscitation procedures mainly at school, the office, or at public events. Automated external defibrillator (AED) use by citizens has been approved in Japan since July 2004, and the number of publicly accessible AEDs is increasing every year. However, the actual ability of citizens to provide effective resuscitation is uncertain. 8 
Data Analysis and Statistics
Among the cumulative non-traumatic OHCA cases recorded over 6 years, we extracted those witnessed by citizens before EMS arrival (559 of 1719 cases, 33%). In only 3 of the cases were the patients younger than 15 years; these 3 cases were included in the analysis. Citizen witnesses included family members, friends, colleagues, passersby, and others, and these were divided into family and non-family bystanders. No information was obtained about how dispatcher instructions for CPR were provided to the caller in each case; therefore, only presence or absence of information was used for the analysis of dispatcher instructions. Provision of bystander CPR was defined as provision of chest compression and/or rescue breaths. Duplication of the AED attempt with another procedure was considered as an AED attempt only, because AED use has a substantial impact on patient survival, although information on whether defibrillation was actually achieved in the AED attempt was not available. Because a preliminary sampling survey indicated that witnesses and providers of bystander CPR were identical in most cases, we considered both as the same. Patient outcomes were evaluated according to the presence or absence of neurologically favorable 9 survival, which is defined as a score of 1 (good cerebral performance) or 2 (moderate cerebral disability) on the cerebral performance categories of the Glasgow-Pittsburg Outcome Categories 14 Table 1 shows the patients' characteristics. Dispatcher instructions on emergency calls were given to approximately half the cases and did not show notable difference between the family-and non-family-witnessed cases.
However, a significant difference was observed in bystander-initiated CPR, which was given more frequently to the non-family-witnessed cases. CPR procedures by bystanders also showed marked differences. In the family-witnessed cases, chest-compression-only CPR was provided much more frequently than conventional CPR, which is rescue breathing plus chest compression (68.3% vs. 28.9%), and no one was given defibrillation with an AED. In contrast, conventional and chest-compression-only CPR were given equivalently and defibrillation with an AED was attempted on 10 cases (11.2%) of the non-family-witnessed patients. Ventricular fibrillation (VF) or pulseless ventricular tachycardia (pVT), both of which are shockable rhythms, on EMS arrival were more common and defibrillation by EMS was administered more frequently in patients with non-family-witnessed OHCA than in those with family-witnessed OHCA. The survival rate after resuscitation of patients with non-family-witnessed OHCA was also twice that of patients with family-witnessed OHCA: 10.3% vs. 5.6% for 1-month survival, 8.3% vs. 3.4% for neurologically favorable survival. The time intervals between the emergency call and professional resuscitation events did not show any differences in this study setting.
In the patients with family-witnessed OHCA, only 9.0% were provided with bystander-initiated resuscitation without dispatcher instructions, while 55.3% were resuscitated by bystanders given dispatcher instructions (Fig. 2 respectively) ( Fig. 3B ).
Discussion
We demonstrated that dispatcher instructions on emergency call facilitates bystander-initiated CPR in patients with OHCA witnessed by citizens, which is a significant change and consistent with the findings of previous studies. 8, 9 The effect of dispatcher instruction was more prominent in cases witnessed by family members; resuscitation by family members was hardly expected without dispatcher instructions, but more than half of the cases received CPR with the instructions (Fig. 2) . In patients with OHCA witnessed by non-family bystanders, nearly half were provided with resuscitation even when the bystanders received no instructions, which increased to approximately 80% with dispatcher instructions (Fig. 2) . These results indicate the benefit of dispatcher instructions for prompting resuscitation by citizens, despite a marked difference in frequency of bystander CPR between family-and non-family-witnessed cases. Casper and colleagues 12 reported that patients with OHCA witnessed by unknown bystanders were more likely to receive resuscitation than those witnessed by people they knew (family, friends, or coworkers). They suggested that there might be psychological barriers against performing CPR on someone one knows. Another study reported that bystanders did not perform resuscitation mainly because they panicked and were concerned about being unable to perform CPR correctly or potentially harming the patients. 13 Therefore, the closer the relationship between the patient and the bystanders is, the more these reasons might influence the performance of CPR, resulting in strong hesitation or fear in family bystanders.
Although many previous studies reported the benefit of resuscitation by laypeople in rescue of OHCA patients, [1] [2] [3] [4] [5] in this study we found that it was limited to arrests witnessed by non-family bystanders ( OHCAs when provided with bystander CPR, whereas it was almost the same for the categories of witnesses when not provided with CPR (Table 2 ). These observations also suggest the ineffectiveness of resuscitation by family members.
It was reported that CPR was likely to be performed when OHCA occurred in a public location, was witnessed, and when the bystander was CPR-trained, younger, or not a family member. 13 shown that the quality of CPR rapidly deteriorated over time 17, 18 and physical strength is required to maintain adequacy of chest compression. 19 In this respect, non-family bystanders probably had an advantage in giving more effective CPR.
Telephone instructions by dispatchers did not improve the outcome in patients with witnessed OHCA, although they did enhance the possibility of resuscitation by bystanders (Table 2, Fig. 2 ). As mentioned above, inadequacy of resuscitation seems to lead to this unfavorable result in family-witnessed OHCAs. Poor quality of resuscitation, however, does not explain the absence of increase in neurologically favorable survival in non-family-witnessed cases provided with dispatcher instructions.
Non-family bystanders applied resuscitation to OHCA patients much more frequently than did family bystanders without dispatcher instructions (Fig.   2 ), implying that the proportion of those with some history of CPR training or knowledge of resuscitation might be larger among non-family bystanders.
This implication is supported by observed resuscitation procedures;
non-family bystanders performed conventional CPR and attempted defibrillation with an AED more frequently than did family members (Table   1 ). These procedures are complicated and difficult to perform without CPR training as compared with the chest-compression-only procedure. Therefore, provision of high quality CPR, which leads to better outcome, may depend on the learning experiences of resuscitation of the bystanders rather than on the instructions given by dispatchers. A recent systematic review similarly indicated that the benefit of dispatcher instructions on hospital discharge of OHCA patients was limited and controversial, and suggested that the problem lay in the quality of CPR. 11 In the same review, longer time intervals from collapse to CPR in the cases in which dispatcher instructions were given were suggested as one of the factors that might counteract those benefits. 11 We also observed extended time intervals from call to CPR by EMS personnel when dispatcher instructions were provided (median of 9 min vs. 8 
